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with hydrogen fuel, and their performeme waa investigated-in a qumter- 
aMulus duct. One combustor consieted of 811 array of U-gutter flame- 
holders; the other four combustors were manifolded ar rays  of swirl-can 
coaibustor elements. Fuel injection  into each  swdrl-can element through 
a tangential  sonic  orifice created a suirllng fuel-air mixture within 
the can. The elements varied in size from 1.5 t o  2.0 inches in length 
and similarly in exit diameter. 

Fbur of the test combustors gave combustion efficiencies e x c e e w  
86 percent' at 'a reference  velocity of 180 feet per second, an :inlet-& 
t o t a l  pressure of 5.7 inches of  mercury absolute, and an inlet-& tem- 
perature of 350° F at aver-all ccuibustion lengths as short as 13.5 inches. 
Reducing the combustion length t o  Lo.2 inches  decreased the combustion 
efficiency by 2 t o  8 percent. 

An outlet-gaa temperature profile of 1569O&5O F wa8 &chieved 
with a combustor consisting of 20 swirl-can  elements through regulation 
of the fuel flow t o  each row of elements. Temperature profiles for 
combustors having 8 and Lo swirl-can elements were too irregular t o  be 
acceptable.  Total-pressure lossea of a l l  five  conhetors  varied f r o m  
about 1 percent of i n l e t   t o t a l  pressure at a reference  velocity of 75 
feet  per second t o  I l  percent at a'velocity of 180 feet per second. 

* T i t l e ,  8 
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The well-known combustion progertgs of hydrogen, hi& flame speed, 
low quenching distance, and high reiadtion rate, a l b w  the combustion @amber c' 
to be shortened  without a loss in combustion efficiency. ' Thls has been 
dewnetrated for turboJet combustion  chardbers (refe. 4 and 5) . x. - .  - .  

. .  ".. ' I . .  . . .  . .  - 
The length of a combustor is usually dictated by two consideratiopa: 

the combustion reaction must-be essent ia l l j   -cmle te ,  antL-the ,outlet-gi?a 
temperature must be nemly uniform. With a reactive  fuel-sucli 88 byewen 
the aecqnd consideration is  probabIy the more cr i t ical .  .fn order t o  ob- 
tain a satisfactory  outiet temperature profile  in a short%ombustor, & IP 
secondary aif must be mixed rapidly  with the combustion $?!act; thermore, ii 
this m i x i n g  must st& as ne= the couibuetm inlet BB poesble .  

5 I \  
- 

One design that should provide this eerrly and rapid lafxing consists 
of many small  combustors, of combustor elements, rather t%n a - B i n g l e  
~ g e  one. A study of individual "swtrl-can"' ehments  (ref. 5) has 
shown that excellent  stability and eff i c i e w  CG. be '5bt-d from rather 
small  and simple geometries. In these  "swtfl-caw," f u e l  is inJected at 
sonic  velocity para.l&d to the stnface'of t& contcd shell and mrmd 
t o  the axis (fig. 1) . A Bmau amount of air is admitted €bough an ori-  
f ice  plate cwering the upstream end the can. Two facture  contribute 
t o  the rapid mixing of-..the fuel and the e: (I) the high velocity -dff- 
ferential  between the two streams and (2) the instability  resulting from 
the superimposition of a high-density gas (air) on a low-ttemfty gas . 

(hydrogen) i n  a centrifugal field. Within the cran, then, the com- 
buetion is initiated and stabilized. The can discharges a%ot mixture, ' 

which s t i l l  contains  considereble unburned fuel., The air flowing outside 
the can serve8 not only t o  complete the combustion, b u t  alii0 comences 
immediately t o  dilute the hot combustion products. The use oFmany emall 
cans provides a high interfacial  area between"the Secondary air and the 
hot gases;  consequeutly, the mixing i e  rapid. &me of the' swirl cans 
were provided with trailing V-gutter8 t o  increaee the rate at which the 
hot fuel-rich gases. could mix w i t h  the main airstre&. 

The objective of the research program described  herein was t o  study 
the pzrformance .of. two types of mltielement combuetors in a one-quarter 
sectof of an annular combustor. F'our of the t e s t  combustors consisted 
of manifolded arrays of swirl-can conibustor elements, and the other com- 
bustur vas an array of sloping radial fuel injectare  within U - g u t t e r  
f lamholders. Combustion efficiency,  outlet -temperature distribution, . 

and total-pressure loss w e r e  determined. The 'range of inlet conditione 
simulated operation of an engine with a courpressor sea-level-static total- 
pressure r a t io  of 6.8  at a l t i tudes  from 70,000 t o  90,OOO feet at Mach 0.9 
and at an altitude of U0,OOO feet-at Mach 3. To determine the feasibil i ty 
of these combustors for a dud-fuel engine, tests were included using 
propane gas aa the. fuel t o  simulate the combustion of vapcrrlzed JP-type 
fuels (ref. 6). . . .  

.- 
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The following symbols a r e '  used in thia report: 

t o t a l  pressure,  in. Hg abs 

.combustor inlet-ak t o t a l  pressure,  in. Hg abs 

combustor inlet-& 'total temperature, 'I? 
c d u s t o r   o u t l e t  total temperature, OF 

APMRMUS 

Installation 

A schematic diagram of the conibustor installst ion is shown In  figure 
Air of the desired quantity and pressure WSB drawn from the Mboratory 

air-supply system, metered w i t h  a sharp-edged orifice, heated to  the de- 
sfred combustor-Inlet temperature in the heat exchanger, passed through 
the combustor, end e a u s t e d  into the a l t i t u d e  exhaust system. Hot gases 
f o r  the heat exchanger were prcnrlded by two gaaollne-fired slave combuetors. 

A schematic diagram of the hydrogen-fuel system I s  shown in  figure 3. 
The f u e l  w a s  commercial hydrogen with a purity of wer 99 percent and was 
metered with a sharp-ewd orifice. 

The combustor test section  consisted of a one-quarter section of' an 
annular combustor having an outside diameter of 25.5 inches and an inside 
diameter of 10.8 inches. The conibustor cross  section was approximately 
104.5 square  inches. 2b combustor length could be altered by inserting 
or remwing flanged sections between the.inlet diffuser and the outlet 
nozzle. . .  

Ignition was provided by s sparkplug w i t h  en extended center  electrode. 
The spark discharged direct ly   to  the dowtream edge of a swirl can or   to  a 
U-gutter. . .  

Ine trumentat ion 
, .  

Tbe instrumentation stations are shown i n  figure 2. Conibustor-inlet 
t o t a l  temperature snd t o t s l  pressure w e r e  measured at station 1 with four 
bare-wire Cbromel-AlMleltbsrmocouples and four total-pressure tubes, 
respectively. Combustor-outlet temperatures and pressures were measured 
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at station 2 with a combined total-pressure and total-temperature probe 
(containing a platinum - 13-percent -rwum-platinuur thermocouple) in a 
polar-coordinate  traversing mechanism (ref. 7) .  A two-pen X-Y recording 
gctenticrmeter connected3o the survey system"c6ntinuousl.y recorded outlet 
tempersture and total-pressure m e r e n t i d  ecyoSs the cmbuetor.  Static- 
preasure  taps were also located at stations 1 and 2. . 

. . _  .. . . 

For some of the t e s t  mna (model 5 )  a gas analysia probe was sub- 
st i tuted for the cornbined temperature - total-pressure probe. 'phe exhaust 
gases *om the co&.uetoy..w-ere queriched,.in,-* water-cooled  grobe and 
passed  through a modffLed &&m 'leak. ' ~ t e c t o r ' ( ~ - s - ~ c . t r u ~ a ~ ,  which. . . . . 
reported the concentration of unburned fuei '  in the exhaust es. The .. - 
instrument waa calibrated by paeslng know samples (mixture6 of hydrogen 
and nitrogen) through the inetz"nt. A description of the sampling probe 

-. 5 
.$g ~ 

and probe t e s t s  is given in the appendix. 

Teat Combustors 

The five .cambue&o~-moclels imrestigated in 
were constructed as shown iri-fiwes 4 t o  8 .  

_ .  
k-del 1 was a single combustor made up of 

attached t o  a central  circumferential U-gutter 
d e t a i l s  of this carbustor  are shown i n  figures 

.. . . . -  

the course o9.the program - 
- 
_ . .  . 

5 -  

.! . -m 
. .- . . _  -. . 

sloping radial U-gutters 
(fig. 4 (a) ) . Construction it 

4 (b) and (c) . Fuel was 
injected i n  the upstream directWf'rom  tubes ai&ted  thin the guttera. 
~ 0 u r  s d l  V-gutters Were added t o  the inner radius of the central U- 
gutter t o  improve the temperature profile. Theee3rar'theiz fuel f r o m  
the central.gutter. 'Jlhe main radial gutter? 'were slotted, and the re- 
sulting tabs were Wusted  to   impme  the  temperat~F'prof i le .  'Ilhis 
combus?ior was tested at over-dl combustion iengths of 13.5 and 17.5 
inches measured from the upstream face' Of the coPibustor t o  tEi5 exhaust 
instrumentation plane. 

- 
- 

. ._. 

" 

. . .. 
I _. 

Model 2 WBB a multielement array made up of eight swirl cane, 2 inches 
long with a 2-inch exit  dia%eter. The swirl cans were arranged i n  two 
 row^, five in the outer row -arid three i n  the-lirikrl"Figure 5 show the 
&tails of this model; A central. manifold sugplied fue l   to  a single 
fuel-injection  orifice.   in  edh BwfrI. can. . .Eight  V-gutters- attached t o  
the exi t  of each cars acted as flame spreader?. .'This model' waa tested _. 
at conibustion len&ha of 10.2 and 13.5 lnc*s."i;eured From the upstream 
face of the swirl caa to the illEitrureentation p-. . .  

.. " 

Model 3, another multielemnt array, resenibled. model 2 except that 
five smaller swirl cans (1.75 in, long and 1.5 in. ia outlet diam.) replaced 
the three cans in the,,lnner row. T b  maXL swirl cans W e  provided with 
six V-gutters as flame spreaders (fig. 6).  This model was teated at 
combustion lengths of lO.2 and 33.5 inches. 

. _  

- . .  

. " _  
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Model 4 was made up of cylindrlcal s w i r l  term arranged in tu0 rows, 
LI five  cam in the  outer row and four in the inner (fig. 7) .  he exi t  of 

each can WBB elotted and flared t o  act as a flame Bpreader. The f'uel 
 upp ply tubes running through each can allowed two injection orif ices, 
one on either side of the can.  J?urthermre, the fuel flow t o  each row 
of elements, being separately  controlled,  provided a means of varying 
the outlet-temperature  profile. The combustion length  for  thio model 
was 12.5 inches. 

Model 5 comfsted of three rows of amall swlrl cans, again wtth the 
fuel  supp4 tube passing through each can ( f ig .  8). These cans 
were not  provided,  with exit flame spreadere. The fuel flow to each row 
of elements was again Individually  controlled. For this model the combus- 
t lon Length w a s  11.0 inches. 

-. . "_ 

Combustor performance was evaluated over a range of f'uel-air ra t ios  
at the follarlng  conditions: 

b5.7 
b9 .o 

0.52 

.79 

%4.7 1.28 pp-  1.28 

Inlet-& R e f e r -  
;otd tem ence 
erature, veloc- 

ft;/sec 
". 
350 75 

1 1  
-" 350 

90,Ooo 0.9 

70, OOO 

%sed on the maximum combustor cross-sectional area of 

bFor an engine h&w a sea-level-static ccrmpressor total- 

an eagine  hsving a eea-hrel-static compressor t o t d -  

0.73 sq f t  and Inlet  conditions. 

pressure r a t io  of 6.8. 

pressure r a t io  of 5.0. 
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The last two t e s t  conditione were wed' to '  detemne performance of 
the combustors at higher' air velocities and 'Larest to t a l  pressure. 

Combustion efficiency wa& 'calciiated as the &centage ra t io  of '. .. . .. 

actual  to  theoretica ' increase  in-enthal *Om t& c d u s t o r - I n l e t  
Instrumentation p a  (station 1, fig. zp"to the cdus tor -out le t  plane 
(station 2, fig. .2) using the method described in  reference 8 .  Enthalpy 
va lues  for hydrogen'and its conibustion products yere obtained from 
reference 8 .  A value of 50,965 Btu per pound w a s  used aa the lower heat 
of combustion of hydrogen. The enthalpy of t-gases at station 2 was 
essunsed t o  correhpond t o  the area-average  temperature  obtained f r o m  the- 
traversing probe. A f e w  data points were ale0 calculated using the 
more precise maes Weigh- procedure described 'in reference 5, and 'g6d 
agreement was found between these combustion eff ichncies  and the ares- 
average combustion efficiencies. The data presented were calculated by 
the area-average method. When the gas analyzer was used (model 5) the 
combustion inefficiency (100 - Couibuetion efficiency) was assumed t o  be 
the ra t io  of the fuel-ah ra t to  at station 2 t o  the orwd (wer-aU) 
fuel-air ra t io .  Again the unburned fuel-& ra t io  at station 2 was 
assumed t o  be represented by an area-average o f t h e  readings A.om the 
traversing probe. 

Outlet-temperature distributions were plotted  directly from the , 

indications of' the exhaust survey probe, a n d m r e g e  radial-temperature 
profiles were comtructed from the distributions. Total-pressure lose 
was measured directly and recorded as a Arnction of probe position. . 

A 6- of the results obtained in this investigation 18 presented 
in table I. 

Combustion EfYlciency 

The coaibustion efficiencies of the five test combustors at their 
shortest conibustion lengths are summwized in f igure 9 .  With the excep- 
t ion of model 4, the combustion efficiencies are nearly identical at the 
same t e s t  condition. As cazi be seen f r o m .  table I, incregtxlzlg the combustor 
length for models' 1, ' 2, and 3 Increased combustion efficiency f'rom 2 t o  .5 
percent. The combustion-eff'iciency data for  model 5 we- taken by 
&as analyeis and did not correspond too closely t o  data taken with the 
thermocouple aystem. 

. . .  . 

. .  

. 
- 

P 

. .  
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However, the data for models 1 through. 4 with the thermocouple probe 
w were reproducible and do not seem too  unreasonable. The thermocouple- 

measured efficiencies for model 5 were occasionally 88 Low a.8 65 percent 
at the extreme t e s t  condition, b u t  were not found to be reproducible. 
A minimum combustion efficiency of 93.5 percent w a s  measured at the 
same t e s t  condition by gas analysis. Special t e s t s  of the gas analyzer 
and the gas- sampling probe led t o  the conclusion that the readings from 
the instrument were correct. The appendix'desixibee  these ' t e s t s  as well 
&s one-possible  source of emor i n  the thermocouple readlnge. Harever, 
the  efficiencies  indicated by the two systems were i n  substantial agree- 
ment when the c-ustors were operated at pressures of 1/2 atmosphere or 
greater. 

Mod~l4, the  array of cylindrical swirl cans, was more uns td l e  than 
the other  carbustors,  with  intermittent blowout often noted. This probably 
account6 for the lower efficiencies of this caaibustor. 

Temperature Prof iles 

A satisfactory  turboJet combustor must exhibit high cmbustion  ef- 
c f iciency and a uniform temperature profile . It would. be d i f f icu l t   to  

choose a final combustor type from models 1, 2, 3, and 5 on the basis 
of couitmstton efficiency  (fig. 9) .  Eowever, ccmibustor-outkt  temgerature 

an average  outlet-temperature prof i le  of l569 &5 F m obtained by ad- 
jus t ing  the  relative  fuel flaw t o  each row of elements. Figure 11 shows 
the outlet-temperature  distribution f o r  model 5 at an average outlet tem- 
perature of L569O F. 

4 profiles were very irregular far models 1 t o  2 (foig. 10). With model 5, 

Tlze temperature profile for model 1 was unsatisfactory,  since both 
radial and circumferential  temperature  gradLents were too k r g e  for 
turbine blades t o  withstand. hrther modification of this cambustor 
could have  improved the temperature profile, but  probably at the expense 
of increased  pressure loss OT lower combustion efficiency. Furthermore, 
such a cambustor design would not lend i t s e l f   t o  scaling. 

The temperature profile  for model 2 waa less severe  circumferentially 
but more severe radially than model 1. Spreeding the two  rows of swirl 
cam  apart did not improve the  profile markedly. Ftte V-gutters attached 
t o  the can ex i t s   to  spread the hot burning gases were kss  effective  than 
expected. 

Cotribustor model 3, with five small. swirl cans in  the inner ring  in- 
stead of three large ones, showed some profile improvement. As migb.t be 
expected, the circumferential  profile uas less irregular downitream of 

.I these  cans,  but the radial profile w a s  l i t t l e  if any better  than before. 

.. 
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Model 4 cmbustm  (cylindrical swirl cans) w a s  equipped with a 
separate  fuel  control  to each row of cam t o  provide-greater  control 
of the temperature profile. Hawever, these elements were only marginally 
stable and tended r ich b l o W O U t ;  consequently, the f u e l - f l o w  
control was not effective i n  rec-ing the temperature profile. The 
operation of these elements was so unsatisfactory that further research - 
on cylindrical swirl cans was not  attempted. 

P 

 he use of mctny small  mtrl-can elements  (wtthout  V-gutters for - 
flame spreading) seemed t o  ofler the best approach for ternperature- 
profile control. Be can be seen f rom figures 10 and 11, g o d  control * 
wa8 achieved with model 5 by adjusting the rars of &l cans rsdially 
and by controlling  the  proportion of the t o t a l  fuel eupplied t o  each 
row. For the  particular run shown in figure ll, the  outer and middle 
rows had. the same fuel flow per can, whik.fhe inner row f l o w  per cmi 
was reduced by about 20 percent. This rathi was maintained for most of' 
the other runs. 

- 
- 

. L..." 

. -  
a 
L 
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Pressure Loss - 

The .totd-pressure LOSS WBB very low far all five models, 1 t o  1.4 
" 

percent at a reference.  velocity of 75 fee€ -per' S e C o n d " d  'from '9.4 to.  
12 .5  percent a t  180 feet  per second (fQ. '12).  !&e pressure losees at 
the 75-foot-per-second condition. are less than one-t€r&&those of present- ' * - 
day longer combustors ad less  than one-hslf 'thbse of previous short . 

combustors (ref. 4).  Within the accuracy of tlie mea8urements, the five 
test combustors had substantially the saute Losses. 

". L. 

- . a  

. .  

. .  

Dursbility 

A t  no time during the experimental program was any failure of the 
combustors or their fuel tubes noted due t o  heat distortion ar pressqre 
effects. Inatead, the fuel flow was- iuf'ficient to cool  the  fuel tubes 
and the suirl cans.  Heating was observed only at. very high inlet-air . 

temperatures or LOW fuel  f l o w s .  Slight '- was in&eh at the  tip6 
of the four small  V-gulikers of model 1, but  these gut ters  were made of 
stainless s tee l  rather than Inconel. 

" 

. .  

Comparisun with Previous Bhort C&buetors  " 

Figure 13 coq-area the performance of models 3 and 5 xi-& tkt of 
a previous Bhort(l9.4 in.) hydrogen couibustor deecribed in  reference. 4. 
As can be seen, the short multidement.~ombustors have  combustion effi- 
ciencles comparable t o  those of the longer combustor. L 
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Operation wlth Propane Fuel 
i 

The operation of these test combustors with propane fuel has been 
reported (ref. 6 ) .  Flgure 14 compares the performence of modele 1, 3, 
and 5 with propane fuel, the conibustors operating at an inlet t o t a l  
pressure of 14.7 inches of  mercury absolute, a refergnce  velocity of 75 
feet per second, and an inht-air temgerature of 350 3'. !Be tests were 
intended t o  explore the possibildty of using a vapar hydrocarbon fue l   i n  
such multielement combustors. The operating limits of the combustors 
were found t o  be quite  close  to  the 1/2-atmosphere pressure  conditions, 
model 5 being somewhat less stable than models 1 and 3. . Intermittent 
operation  often noted wfth model 5 probably contributed t o  its lower 
efficiency. m e r , '  at 'operating  pressures above 1/2 atmosphere the 
performance of the short cmibustors seems satisfactory. 

Five experimental combustors using hydrogen fuel w e r e  evaluated i n  
a quarter-sector  mnplsy duct. Combustor length was varied from 10.2 
t o  17.5  inches. Four combustors consisted of a r r a y s  of many small  swirl 

jected. The follcrwing results were obtained: 
L cane; the other comprised. an arrey of U - g u t t e r s  into which fuel wa8 in- 

.I 1. A minimum combustion efficiency of 93.5 percent was measured with 
the gas analyzer at a pressure of 5.7 inches of mercury absolute, a 
reference  velocity of 180 feet  per second, and an inlet t o t a l  temperature 
of 350° B. 

2. For the subsonic test conditions, combustion efficiencles as 
meaaured by the gas  analyzer and thermocouple system verled from 93 t o  
100 percent. 

3. An average outlet radial temperature profile of 1569°a650 F was 
obtained  with a combustor comprisipg 20 swirl-can elements. Combustors 
with 8 t o  10 swirl C&L~B did not give a satisfactory  outlet-temperature 
profile . . .  

4. Combustor total-pressure loss was very low for dl models tested, 
being approximately 1 t o  1.4 percent of the inlet total pressure at an 

. inlet  total  pressure of 5.7 t o  14.7 inches of  mercury absolute, a refer- 
encg velocity of 75 feet per second, and an in le t   to ta l  tempratwe of 
350 F. . - - . . - . . - 
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All the short caubustors investigated  gave-high combustion efficien- a" 

cies and low total-pressure losses. H6Mver; ' . o n l y  model 5 was judged to 
have an acceptable temperature profile. It would appear that for future 
turbojet engines mltielement combustors similar to model 5 would offer 
marked advantages .mer a conventionally designed turbojet combustor. 

. _  
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Water-cooled Gas-Sampling Probe 

Figure W is a sketch of the water-cooled gas-sampling probe. The 
probe body wa8 a 3/8- by 1/32-inch-wall. stainless-steel tube a b u t  30 
Inches i n  length. Cooling water enters at the base of the probe, fills 
the entire probe body, and leaves through three 1/32-inch-diameter holes 
at the t i p  of the probe. The gas sample is drawn into the probe at sonic 

3 velocity through an 1/8-inch-diameter orifice and passed clown through a 
3 tube (1/4-in. diem. by 0.020-in. w a l l )  t o  the gaa analyzer. - 
d 

Quenching %sts 

The effectiveness of the water-cooled probe i n  quenching the hot 
gases wa8 established experimentally 88 follows. A gas sample was made 
up consisting of 3.4 percent hydrogen and 3.8 percent helium i n  nitrogen. 
This mixture W ~ E I  passed  through a capillary tube and dumped into  the main 

N 
1 gas stream  about 1/8 inch from the orifice i n  the gas-ampling probe. 5 -  Thus the bulk of the gse sample entered the sampling probe end, hence, 

the maes spectrograph. A length of the  capillary  tubing immersed in  the 
hot gas stream served as a heat exchanger t o  raise the temperature of 

Measurements of hydrogen and helium concentrations were made at various 
operating  conditions as sham i n  the following table: 

.L the gas Smtple  t o  approximately that of the surrounding airstream. 

Hydrogen 
reading 

13 
14 

18 
28 

28 
28 

Xelium Eydrogen- Condition 
reading helium 

rat io 

6.2 2.09 Burning 
7 . 2  1.94 No buFning 

ll.5 1.56 Burning 
18.5 1.51 No burning 

17 1.65 Burning 
17 1.65 No burning 

& 

The fact that the hydrogen-to-helium ra t io  remained substantially  constant 
at all conditions  indicated that even at the high stream temperatures little 

.L 
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if any of the hydrogen reacted. It was noted that t&t coil of cspillary 
tubing  becamned  hot, even with the high sample f l a w  rate. This iudi- 
catee that the heat exchanger was relatively  effective In preheating 
the sample. On the baals of these testel It w cpnclu@d that the water- 
cooled sampling probe was effectlee in halting b combustion reaction. 

Possible Thermocouple Probe Error 

The discrepancies between t h e d f i c i e n c t e s  ueasured by gas-sampling 
and those determined by meam of the  sonic  aspirated thermocouple m i g h t  
be a t t r ibu ted  t o  a deterioration of the probe"system or -h  a W i c u l f y  
of a more fundamental mture. Such a difficulty might be anticipated if 
the combustor-outlet gaaefuere a nonhnmngeneous mixture coUt4n ing~cr3  
hot and very cold g 6 i ;  ' Buch' a 'stre-m,'  idsh"tg@ritGe-and density vary- 
ing rapidly with time,  might be expected, especially in view of the very 
short m i x i n g  length of these cambustore and their g l t ip l i c i t J r  of flame 
sources. I n  such a .heterogeneous stream, ,,the -SJZ~C Wgi_r_ated thermocouple 
would tiot ' be apt t o  draw i n  s truly representative s q l e .  pioyece, ,,men 
though the flow becoines sonic KTthin the-pr&be;-t-& veidcity  at the probe 
entrance IS much b e e  than local stream velocity.  consequent^, any sud.1 
volumes of cold &nee wmld tend to 'be drawn in, while tIE hot 1- 
density gas would w e  easily flow aside. Any errcureram heterogeneity 
would then act t o  aive lower than "actual" time-average  temperatures. 
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( 0 )  Inlet-alr  total pressure, 5.7 InOheE of mercury absolute;  Inlet-air tmperature, 
350° B; referenoe veloolty, 180 feet per seoond. 

(d)  Inlet-air total presmre, 8.0 Inches of meroury absdlute; Inlet-air temperature, 
550° F: reference  wloaItq. 75 feet  Der seoond. 

Fuel-alr  ratio 

(e) Inlet-alr  total pressure, 15.8 Inches  of meroury absolute; Inlet-air temperature, 
goo0 F, reference  veloaity, 210 feet per seoond. 

Figure 9.  - Conoluded.  Canbustion efflalenop of five  short canbustare with hydFogen 
fuel. 
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Figure  10. - Comparison of turbine-inlet  temperature  profiles 
for f ive  experimental combustors. . Combustor inlet-air totaL 
pree~nr-c:.- 5.7 inches. of .mew absolutej inlet -& tempera- ' 
ture, 350' F; refercnce yelocity, 180 feet per second. 
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erence velocity, 75 feet per second. 
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